13 C NMR measurements were carried out to investigate the electronic state of Mixedstack organic charge-transfer complex (BEDO-TTF)(Cl 2 TCNQ). From the remarkable temperature dependence of the central shift and relaxation rate, we have confirmed that the transition at 110 K is from paramagnetic to nonmagnetic spin-singlet phase.
INTRODUCTION
(BEDO-TTF)(Cl 2 TCNQ) is a completely ionic mixed-stack charge-transfer compound, in which the planar molecules BEDO-TTF (electron donor) and Cl 2 TCNQ (acceptor) stack alternately, forming an uniform column. In contrast to the ordinary mixed-stack compounds having one-dimensional nature, the columns in (BEDO-TTF)(Cl 2 TCNQ) are moderately bridged by donor-based intercolumnar interactions. (BEDO-TTF)(Cl 2 TCNQ) is a magnetic insulator showing Curie-Weiss behavior in magnetic susceptibility, χ, at high temperatures. From the observed Curie constant, it is confirmed that each donor and accepter molecule carries one localized spin. It is observed that χ exhibits a sharp drop at 110 K and gradually degreases below that temperature [1] . However we could not observe any change in infrared vibrational spectra or any superlattice reflections indicating symmetric change in lattice below 110K.
The purpose of this work is to investigate the electronic properties of this system and to clarify the origin of the 110 K transition. We have performed 13 C NMR measurements on polycrystalline sample in which cyano carbon sites of Cl 2 TCNQ were selectively enriched with 13 C isotope. We have thus detected the behavior of electrons on the TCNQ sites.
EXPERIMENT
Polycrystalline sample of (BEDO-TTF)(Cl 2 TCNQ) with 13 C-enriched Cl 2 TCNQ was prepared for 13 C NMR measurements. NMR spectrum and relaxation rate were measured in a temperature range between 2 K and room temperature. Radio frequency was 88 MHz, which corresponds to a resonance field of 8.2 T.
13 C NMR spectra were obtained by fast Fourier transformation of spin echo signal following π/2-π pulse sequence. Spin-lattice relaxation rate, 1/T 1 , was determined by the measurement of the recovery of nuclear magnetization after saturation comb pulse. 
RESULTS AND DISCUSSION
Central position of 13 C NMR spectrum was found strongly temperature-dependent as shown in Fig. 1 . It exhibits a sharp drop at 110 K as χ does: The temperature dependences of the shift and χ are very well scaled with each other in the whole temperature range. At low temperatures below 40 K, the spectral shape becomes more asymmetric, and of a typical powder pattern for anisotropic shift with a uniaxial symmetry. This spectrum is quite similar to the one often observed for cyano-carbon in a nonmagnetic state.
Spin-lattice relaxation rate, 1/T 1 , is almost constant in temperature above 110 K, below which it decreases rapidly. Temperature-independent 1/T 1 is a typical behavior in a paramagnetic phase with large spin fluctuations. From the absolute value of 1/T 1 , the exchange interaction between the localized spins is estimated as J/k B =14 K. The rapid drop of 1/T 1 indicates that a finite spin gap, ∆, has opened in this temperature range. The value of ∆/k B is estimated as 340 K from the temperature dependence of 1/T 1 . It is consistent with the temperature dependence of the central shift (χ) below 110 K.
We believe that this gap opening is caused by a spin-singlet formation of the localized spins on neighboring donor-acceptor pairs, as observed in the ionic phase of mixed-stack TTF-p-chrolanyl.
Below 30 K, 1/T 1 starts to deviate from the exponential behavior, suggesting the appearance of another relaxation mechanism. Spin solitons expected at domain boundary in the dimerized phase may be responsible for this excess relaxation, again as observed in TTF-p-chrolanyl.
SUMMARY
In summary 13 C NMR measurements were carried out to investigate the electronic state of the mixedstack organic charge-transfer complex, (BEDO-TTF)(Cl 2 TCNQ). From the remarkable temperature dependence of the central shift and relaxation rate, we have confirmed that the transition at 110 K is from paramagnetic to nonmagnetic spin-singlet phase. The low-temperature spin-singlet phase should be due to donor-acceptor dimerization, while our information has been obtained only from the acceptor sites.
